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Five sectors - 70% of CO2

• Refining
• Chemicals
• Iron & Steel
• Food
• Cement

Data source: AEO 2020 3

Industrial Energy Use & GHG Emissions
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Industrial Energy Use & GHG Emissions



Decarbonize power,  
feedstocks, and 
materials inputs

Decarbonize 
supply chains

Decarbonize processes, 
process heat, make 
every energy unit count

Increase market pull 
for low-carbon 
products

Decarbonization Strategies & Pillars

Image source: ssir.org



Data Source: McMillan 2019Temperature ranges in oC

Process Heat
• 60% of GHGs are 

associated with 
heating

• another 3% with 
cooling

• Process heat is a 
cross-cutting 
opportunity

Roadmaps: Process Heat



Energy Efficiency (EE) Energy Substitution (ES) Low-Carbon Fuels & 
Feedstocks (LCFF)

Mitigation Options, 
including, Carbon 
Capture Utilization & 
Storage (CCUS)

Decarbonization Strategies & Pillars



Roadmaps (a selection …)

ICCA, IEA, Dechema. 2013 NAS, 2021 E3, LBNL, PNNL, 2014 



Source: Cresko, 2020

Roadmaps: GHG Reduction Potential Across Pillars 



Source: Cresko, 2020

Roadmaps: Landscape of RD&D Decarbonization Opportunities



Industrial heterogeneity

Incumbent technology & practices

High technology costs 

Low current energy costs

Scale-up

Smart manufacturing

Innovative Separations

Electrolyzer efficiency

Thermal, electrical storage

Systems efficiency

Barriers & Opportunities Key Innovation Areas

Pursuing Opportunities



• The carbon discontinuity is an 
opportunity for process redesign. 
Step-reductions in;
• carbon intensity

• waste

• Impacts (air, land, water…)

• Green chemistry & engineering

• Circular economy

• New routes to chemicals, design 
for recycling, electrochemistry…

Pursuing Opportunities: Innovative Process Technology
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• Roadmaps describe the opportunity

• New white spaces for innovation

• The vision is less clear further out

• Time to pursue transformative 
change

Pursuing Opportunities: Call to Action

Image source: Change Factory

Image source: Drew Beamer, Upsplash
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